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Single Spin Asymmetry

Spin structure of transversely polarized proton
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Large Asymmetries Persist at High V's

py +p—n +X, Vs =20 GeV
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Why Such Large A,?

Sivers mechanism: Correlation Collins mechanism: Transversity
between nucleon spin and parton k- (quark polarization) * asymmetry in the

Phys Rev D41 (1990) 83; 43 (1991) 261 jet fragmentation  n, . phys B396 (1993) 161
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Orbital Angular Momentum?
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Gordon AGS/RHIC 2008

...but rising P, dependence 1s not predicted by the same fits
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Attractive vs Repulsive “Sivers” Effects
Unique Prediction of Gauge Theory !

DIS: attractive Drell-Yan: repulsive
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Sivers|pig = —Sivers|py
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R-HI

New state of matter
: QGP

BRAHMS De-confinement

polarized proton
Nucleon Spin Structure
Spin Fragmentation

pQCD




RHIC: the world’s first polarized hadron collider

Absolute Polarimeter (H? jet) RHIC pC Polarimeters

BRAHMS

PHOBOS

Siberian Snakes

Spin Rotators

Spin flipper
(longitudinal polarization) pin tipp

Spin Rotators
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Helical Partial Siberian Snake
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LINAC BOOSTER

GS Internal Polarimeter

200 MeV Polarimeter 7

Rf Dipole

= Spin varies from rf bucket to rf bucket (9.4 MHz)

= Spin pattern changes from fill to fill

= Spin rotators provide choice of spin orientation

= Billions” of spin reversals during a fill with little if any depolarization
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Exquisite Control of Systematics

Raw asymmetries from carbon polarimeter by

bunch:
RUN 7280.008 (BLUE)
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Experimental Observables

= Asymmetries

= PHENIX and STAR: all
= BRAHMS: transverse beams only
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The PHENIX detector

2008 PHENIX Detector

PC3
TEC._

_PC3 Central
_PC2 Magnet

| Philosophy:

High rate capability to measure rare probes,

limited acceptance.

= 2 central spectrometers

= Track charged particles and detect
electromagnetic processes

\/
A

ENIX

= 2 forward muon spectrometers West Beam View East

= Identify and track muons %,
% 4’1/ Central Magnet
()
0%&)}‘, w\"\\

= 2 forward calorimeters (as of 2007!) | MPC

= Measure forward pions s ./IBB

i TV
I RxNP
. . . MuTr

= Relative Luminosity I |

= Beam-Beam Counter (BBC)

= Zero-Degree Calorimeter (ZDC) South Side View North
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The STAR Detectors

STAR Detector
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Drell-Yan Production @RHIC
- Rapidity and Collision Energy Dependence

p+p —> e'e + X, SLdt = 200 pb~’

All events with M,, > 4,0 GeV

]
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u

=>12500 :

Yre
Figure 5: PYTHIA simulation of the rapidity distribution of e* e~ dileptons produced through the
Drell-Yan process. The importance of large rapidity to probe the valence region is illustrated by
selecting events with x; > 0.3.
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| An Example: PHENIX Muon Detectors

= Muon arms
« 1.2<|n|<2.4
m A(P=2|'|
= P>2GeV/c ‘
= Triggers

= 'Muons”

« Stopped hadrons

= Light meson
decays

» Heavy & DY -
decays
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H. Liu AGS/RHIC 2008

Dimuon Mass Spectra from PHENIX @200GeV
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DY Background @200GeV

(PYTHIA Simulation benchmarked to PHENIX Data)
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icon VerTeX Detector Upgrade for PHENIX
(available 2011)

 Precision Charm/Beauty Measurements

* B—=Jhyp, Drell-Yan, 1’ Drell-Yan
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Silicon planes

pd

collision,
point .\
m—

7 N _
!
N W
’ 2 g
(4 b
N\ T,/
M » li ;l‘-‘| = u
/B N\
40 ¢m rd South Side View North N

07/31/09 Ming X. Liu, Jlab-12GeV Workshop 17

~\Distanice of Closest Approach



Impact Parameters for muons from D,B and DY

Medgsuring Charm and Beauty
, B mesons travel ~1 mm (with boost) before semi-leptonic decay to
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Reduce Heavy Quark
Background by DCA cut

DCA< 1 o cut: DCA<20
Increase DY/bb ~ 5 Increase DY/bb ~ 3
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PYTHIA vs NLO

Dimuon physics continuum simulation (2)

= PYTHIA W/ CTEQS Drell-Yan: reproduction as best as possible of theoretical
predictions from R. Vogt (NLO calculation with CTEQ6M)

| N LO W/ CTEQGM 720 ndt 8.26/20
Comparison: 3 e T
(dN/dm)pyth]a / (dN/dm)R_Vogt 1 Slope  0.0006047 +0.0060479
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Experiment SIDIS vs Drell Yan: Siversl,,;= — Siversly
%% Probes QCD attraction and QCD repulsion *%%*

HERMES Sivers Results RHIC II Drell Yan Projections
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Transverse Spin Drell Yan at RHIC vs

| Sivers Asymmetry in Deep Inelastic Scattering

Important test at RHIC of recent fundamental QCD
predictions for the Sivers effect, demonstrating...

attractive vs repulsive color charge forces

Possible access to quark orbital angular momentum

Requires very high luminosity (RHIC II)

Both STAR and PHENIX can make important,
exciting, measurements

Discussion available at http://spin.riken.bnl.gov/rsc/
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2008 2010 2015

| EBISI: $20M RHIC-II science by- Opportunity for up-
¢ | *  passing RHIC-II project grade or 15t EIC stage EIC = Electron-

lon Collider;
eRHIC = BNL
realization by
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|
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e | SN .
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“L cDO
- — —
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LHC HI starts
Legend:
-------- R&D
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S —e Multiple small projects

CDO0: DOE Critical Decision, mission need

S. Vigdor AGS/RHICO08
A Long Term (Evolving) Strategic View for RHIC

| | ] e
j \ﬁﬁ—te{amc physics >

L 2

-

e beam + new detector

RHIC RHIC-II, LHC-HI and EIC
07/3§@Jence share a common theme...
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i Summary

= Exciting Physics
= A new fundamental test of QCD prediction
= Experimentally challenge

=« Need RHIC-II luminosity
= Detector Upgrade

= Can do it at RHIC!
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